Proceedings of the Iowa Academy of Science
Volume 18

Annual Issue

Article 10

1911

Pollination of Clover
L. H. Pammel
Charlotte M. King

Let us know how access to this document benefits you
Copyright ©1911 Iowa Academy of Science, Inc.
Follow this and additional works at: https://scholarworks.uni.edu/pias

Recommended Citation
Pammel, L. H. and King, Charlotte M. (1911) "Pollination of Clover," Proceedings of the Iowa Academy of
Science, 18(1), 35-45.
Available at: https://scholarworks.uni.edu/pias/vol18/iss1/10

This Research is brought to you for free and open access by the Iowa Academy of Science at UNI ScholarWorks. It
has been accepted for inclusion in Proceedings of the Iowa Academy of Science by an authorized editor of UNI
ScholarWorks. For more information, please contact scholarworks@uni.edu.

Pammel and King: Pollination of Clover

POLLINATION OF CLOVER.
BY L. H. PAMMEL AND CHARLOTTE

It

M. KING.

been stated by scientific investigators that insects
to convey the pollen in cross fertilization of red clover.
The opinion is often expressed by clover growers and some popular
writers that insects are not necessary to secure pollination of red clover.
The following by Henry Wallace is a fair statement of the position
taken by quite a number of agricultural writers.1
has frequently

are necessary

"We

for the failure of red clover to
produce a crop of seed by the fact that the growth is rank and there
fore, like all other plants that produce rank foliage, is not a heavy
seed or fruit producer.
We have therefore been inclined to think that
the yield of clover seed is determined by climatic conditions rather
have been inclined

to account

or absence of bees or insects.
For ourselves, we shall
to give up our belief in the insect fertilization of clover until we
further and conclusive evidence."

than the presence
have
have

Mr. Wallace's statement is based, in part on remarks made by Garton
to him that the red clover is self-fertile.
McAlpine2 referred to Garton's work in a paper in Botanical Society, which was not available in
the preparation of this paper.
We will see later that the observations
of Garton

are not conclusive, that clover is self-pollinated.

Pammel3 in 1889 published a statement on the pollination of red
clover and has since given some attention to the subject.4
Darwin5
many years ago, recorded an experiment in which it was shown that
self-pollination did not occur.
Subsequently Herman Mueller6 recorded
Sept. 3, '09.
1Wallace's Farmer.
2Edinburgh Hot. Society. 1900:14.
5:290.
2Trans. St. Louis Academy of Science.
'Ecology.
169-173.
"Origin of Species. Chapter III.
Self and Cross Fertilization in the Vege
Murray 1876:75.
table Kingdom.
6 Ed.
'Befruchtung
der Blumen.
Published
by UNI ScholarWorks,
1911 English Trans., Fertilization of Flowers. 184-186.
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W.

similar results.

J.

Beal,7

A.

J.

OF SCIENCE

Cook,8

found that red clover is not self-fertile.

F. A. Sirrine,0 and Kirchner10

the pol
has long been
recognized that red clover and other leguminous flowers may be selfpollinated, although it has never been determined whether self-pollina
tion, or cross pollination most commonly occurs." The same writer13
states also, "The organization of the flowers of the legumes is such
that cross-pollination can occur only by means of insects or other ex
ternal agencies.
That pollen in some species and perhaps in all species

lination of clover by insects.

Robertson11

Prof. Hunt12 states:

discussed

"It

That the
may pollinate the stigma of its own flower seems certain.
showy flowers common to legumes serve to attract insects which visit
them for nectar and pollen, and thus to bring about cross-pollination
seems equally

certain.

Whether

most commonly occurs is a matter

self-fertilization or cross-fertilization
requiring further investigation."

Pammel14 states, "It is generally supposed that the second crop of
clover produces more seed than the first. This, I think, is due to in
sects, there being a much larger crop of bumble-bees at the time of the
second flowering, than at the first."

To these observations might be added the experience of clover grow
ers in New Zealand. Dunning15 gives an account of the introduction of
bumble-bees into Australia.
Previous to the introduction of these in
sects no clover seed was produced, but when they began to spread, and
became a part of the insect fauna, the red clover also began to spread
The inference may be drawn that the bumble bee had some
rapidly.
thing to do with seed production of the plant in Australia.
STRUCTURE

'Grasses of N. Amer.

1
:

is,

The flowers of red clover are
heads per stalk varies from 1-14
tremely variable.
The average,
for black
Pammel for Ames,

OP THE FLOWER.

The number of
produced in heads.
heads.
The number of flowers is ex
however, as shown by Miss Edna C.
loam first crop 71.1; for black loam

235-238.

J. Bull. Dlfv.

Ent. 26:87.
Bull. Ia. Agrl. Exp. Sta. 13:89.
Ueber die Wirkung der Selbtbestaubung bei den Papilionaceen.
10Kirchner.
u.
Forst Wissenschaft. 3:1-16,
Naturwissenschaftliche Zeitschrift fur Land.
"Cook, A.

'Sirrine, F. A.

49-64,

97-111.

"Bot. Gaz. 17:177.
Oct. 22, 1909.
1'Wallace's Farmer.
"Forage and Fiber Crops in America. 124.
"Henry Wallace. Clover Culture. 121-123.
1886.
https://scholarworks.uni.edu/pias/vol18/iss1/10
MProc. Entomological Soc. London.
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101.03

for black loam underlaid with gravel, second crop
for alluvial soil, third crop 68.7.

crop 98.1

second
;

OF SCIENCE

;

The flower consists of a green calyx of five pointed lobes ; and a purple
corolla of the following parts, an upper larger petal, known as the
standard, two lateral petals, the wings, the lower part known as the
keel consisting of two united petals. The keel contains the 10 diadelforming a tube and one separate, and a single pistil
The lower flowers open first, and then
continue to open toward the apex.
It requires from 6-8 days for all
of the flowers of a head to bloom. Sometimes as many as 40 flowers will
be in bloom at the same time. The position of the flower is upward
and it retains this position.
The pollen grains are contained in the
anther and though somewhat variable as shown in another table are
generally elliptical, .02-.04x.028-.068 mm.
The flowers because of the
pleasant odor and large amount of nectar are attractive to insects.
phous stamens,

9

with a style curved upward.

The nectar is concealed in the base of the staminal tube, 9-10 mm. long,
which is formed by the fusion of the nine lower filaments and attached
to the claws of the petals. The upper free stamen lies on one side so
that the opening of the staminal tube permits the insect to get the
nectar. When an insect, like the bumble-bee, lights on the flower, it
holds on with its fore-legs to the wings which are attached to the keel.
The pressure exerted depresses the keel and wings so that the stigma
and stamens protrude, the latter being somewhat shorter than the
The other two legs are supported by the other parts of the
pistil.
head of the clover. The anthers dehisce and the pollen is left on the
upper side of the bee's head. The stigma receives the pollen from an
other flower. Self-pollination can occur when the insect withdraws its
head.
When the bumble-bee leaves the flower the parts return to their
position because of the elasticity of the base of the keel and a small
dilated vescicular process at the base of the wings. Some of the pollen
collecting insects can also depress the keel.
INSECT

VISITORS.

Observations on the insect visitors of clover have been made at Ames
for a number of years. We are indebted to Prof. Herbert Osborn for
a determination of insects found prior to 1898 and to Prof. H. E.
The insect visitors here
Summers for those found since that time.
named include those recorded by Robertson for Carlinville, Illinois,
(marked C.) and those from Ames (marked A.). Arranged in groups
by orders, they are as follows
https://scholarworks.uni.edu/pias/vol18/iss1/10
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Fig.

1

Fig.

2

Fig. Trifolium pratense.
1, parts of corolla, keel closed;
Published
by UNI ScholarWorks,
1911 keel. —
and pistil within
stamens
(Charlotte M. King.)

2,

arrangement of
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Eurymus eurytheme (A.)
Eurymus philodice (A.)
Pontia rapae (A.)
Autographa brassicae (A.)
Anosia plexippus (A.)
Exoprosopa sp. (A.)
Bombus americana (A.)
B. bimaculatus (A.)
B. pennsylvanica (A. C.)
B. nevadensis (A.)
B. fervidus (A.)
B. separatus (A.)
B. vagans (A.)
Apis mellifica (A. C.)

Lepidoptera

Dlptera
Hymenoptera

In

the

above

OF SCIENCE

list, the most important

pollinators

are

the

bumble

of the Hymenoptera and the bumble-bee fly Exoprosopa; these are
normal pollinators.
The honey bee (Apis mellifica) has been found a
In some cases it visits the flowers for pollen. In
good many times.

bees

such cases the insect lights on the keel, gathers the pollen and makes

no effort to get nectar. During the summer of 1910 many bees were
found on red clover gathering both nectar and pollen. The nectar was
In no case, how
obtained through perforations in the staminal tube.
Pammel in
ever, were honey bees observed making these perforations.
an extended paper on the subject of the perforation of flowers con
Among the common
cluded that honey bees never perforate flowers.
perforators of flowers the wasp (Vespa) and carpenter bees (Xylocopa)
The Vespa is not infrequent on the flowers of
must be mentioned.
clover and may be responsible for these perforations.
The Lepidoptera collect only nectar and are by far the most frequent
They are not normal pollinators.
visitors found on the red clover.
Robertson has observed that "these insects cannot depress the keel
and though they get a little pollen on the proboscides they are apt to
wipe it off by the closely approximated tips of the petal which close
the mouth of the flowers."
Some observations were also made on the number of insects found on
the flower

Miss Ada Hayden kept a
on six feet square for six days, June,

of red clover over a given area.

record of these insects found
The species of
1908; Mr. P. Bird for 70 square yards, June, 1909.
Bombus were not determined as to species but simply listed as Bombiis.

https://scholarworks.uni.edu/pias/vol18/iss1/10
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feet of Clover Field.

Date and Time of Observation

Kind of Insect

June

22

4-5 p. m.

Bombus

sp.

June

Vespa

Eurymus philodice
Pieris sp.

June

24

1:40-2:40
p. m.

June

25

2:30-3:30
p. m.

June

6

1

9

5

2

4

2

1

1

9

1

. .

Observations for
square yards
4:15-5:15 p. m.

Bumble bees
Honey bees
Wasps

27

8

4

3

1

Name of Insect

June

26

4-5 p. m. 9-10 p.m.

1

.

Anosia plexippus

23

3:30-i:BO
p. m.

70

For

75 square

11

yards

a. m.-12 m,

12

6

1

3

1

Butterflies

28

It

has often been said that there are not enough bees
lination of red clover. It seemed important, therefore,
the number of flowers visited by bees.
In this work we
by Mr. E. R. Garner. The following table indicates that

to secure pol

to determine
were assisted
there is much
This is no doubt

variation in time spent in a single flower by a bee.
due in part to the fact that in some cases flowers had previously been
visited by a bumble-bee and had little nectar. In other cases it was
difficult to follow the bee because it would visit a few flowers and then
fly to another portion of the field. Only a few observations were made
on the honey bee; in one case three flowers were visited in five seconds,
and in another six flowers in ten seconds. In nearly every case, how
the bumble-bee
white clover, alsike,
ever,

would confine its visits to the red clover, though

partridge

pea, and other plants were

in abundance

in the immediate vicinity.

Published by UNI ScholarWorks, 1911
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OBSERVATIONS

UPON WORK OF RUMRLE REES UPON BED CLOVES.

Date
August

28,

'08

, . . . .

i

entered on head

1

5

2

5

3

21

4

19
14
18
13

6
7

i
I
i

*

i

August

16,

August

9, "08

"08

No. flowers

Visit

5

8

9

9

5

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

13
13
19

28
29
30
31
32

AUGUST 1908.

No. seconds
required
10
15
50
40
35
40
40
25
15
35
20
40
10
40
12
10
40
10
16
20
15
20
20
15
35

4

20
8
5

14
5
6

13
10
9
8
7

16
2

5

7

15

3

5

16
36
14
24

12
65
40
45

This list records 381 visits to flowers in 814 seconds or
about 2 seconds.
Regarding the timing of bees' visits, from one of Lubbock's
ing accounts we learn that a honey bee made 59 visits in
Other series of observations showed no great departure from
ing, about 7 minutes for each trip.
Estimating an average of 30 heads of clover in each square

1

visit in
interest
7 hours.

this tim

foot, and
880 flowers in each head, that each visit requires 2 seconds, all the
flowers in one square foot may be visited in 1 1-3 hours.
It is evident that the requirements of an entire field are exceed
ingly great; each pollinator, however, can accomplish in the season
an important part toward the cross-pollination of the field of clover

blossoms.
https://scholarworks.uni.edu/pias/vol18/iss1/10
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Red Clover, Trifolium pratense,

9
with bumble

bees.
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The following measurements of the staminal tube of flowers of red
clover show that there is considerable variation in length.
For this
study ten heads were selected, and measurements made of 10 flowers
from each; a second group of 30 heads were selected, and measure
In all, measurements of 450
ments made of 15 flowers from each head.
flowers were made; the lengths of the tubes were as follows: Least
.33 in. (or 8 mm.) ; the greatest .47 in. (or 12 mm.) ; average .385 in.
The foregoing study shows about the same length of
staminal tube as indicated by the figures of Mueller and by Darwin.17

(or 9.4 mm.).

In discussing pollination

Knuth says:

"Self-pollination may also take place when the head of the bee is
withdrawn, but Darwin says that this is ineffective (though Kerner is
of the opposite opinion) and is rendered inoperative by the previously
effected

In

cross-pollination.

''

indicated by Waldron16 clover is self -fertilized.
This was accomplished in some cases of hand-rubbing.

In

some few cases,

as

experiments made in Ames self-fertilization was accom
This work is being continued.
plished where the stigma was irritated.

It

some

fertilized before the flow
study of the embryogeny of the clover indicates that such
fertilization does not occur.
In no case did we find that the egg-cell
had been fertilized, in a number of examinations made.
Heads en
The experiments of Kirchner indicated self-sterility.
closed under glass produced no seed. Similar tests, with the same re
sults, were conducted at Ames.
In July, 1909, Mr. Lyle Clapper, covered many heads of first crop
clover; later 495 of these heads were threshed out; no seed had been
has been claimed by some that clover is

A

ers open.

produced.
covered

During the last week in June, 1909, Miss Ada Hayden

a large number of heads of red clover.

were gathered
Soil, sandy loam.

These

in August ; 76 heads were threshed, no seeds found.
During the middle of August Miss Hayden covered heads of second
crop. These were gathered the last week in September and threshed;
71 heads

produced no seeds; one head contained

2 seeds.

Soil, sandy

loam.

During the fall of 1908 and the fall of 1909, many collections of
ripened clover heads from different parts of the state were made with
the object of determining, if possible, some relation between condi
tions of season and soil and the seed production of the clover. These
"L. R. Waldron. Wallace's Farmer, Oct.
"Origin of Species. 6 Ed. 75. (Murray.)
https://scholarworks.uni.edu/pias/vol18/iss1/10
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collections represented both early and late crops, and were gathered
from a number of different soils.
The range of averages was great in the soil groups, both seasons ;
no definite relationships are indicated by them.
It does not, so far,
appear that rich soils produce most seed, nor the reverse.
For first crop, the collection with highest average is for Ames, clay
loam, medium elevation, for 44 heads, average 64.7 seeds; the collec
tion with the lowest average is for 'Ida Grove "black loess," for 50
heads, average 1.82 seeds.
For second crop, the highest average is for the collection from Algona "town lot, deep black loam," 28 heads, average 80.4 seeds; the
collection with lowest average is for Harlan, "black river bottom,"
clay subsoil (this year's seeding), 50 heads, average 3.9 seeds.
One thousand two hundred forty-two heads of first crop clover con
tained 32,285 seeds; average 25.99 seeds; 701 heads of second crop
clover

contained 19,318 seeds; average 27.55 seeds.
count was made of 200 heads, first crop, normal thrifty plants;
average 41.11 seeds; also of 200 heads second crop, normal thrifty
plants, average 43.72 seeds.
In both the above sets of averages, the heads of second crop exceed
those of first crop in number of seeds.

A

Published by UNI ScholarWorks, 1911
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